Background {#Sec1}
==========

Diabetes syndrome is a metabolic disorder, which causes congenital (type I insulin-dependent) or acquired (type II noninsulin-dependent) diabetes mellitus. In this syndrome, the metabolism of food changes and the blood glucose concentration increases \[[@CR1]\]. More than 346 million people worldwide are suffering from diabetes. According to the figures reported by the World Health Organization (WHO), 3.4 million people died from consequences of high blood sugar in 2004. As a matter of fact, diabetes in the world, especially in developing countries, is growing. There are many reasons for that but the most important one is obesity and lack of exercise \[[@CR2]\]. More than 80% of diabetes deaths occur in low and middle income countries \[[@CR3]\]. Diabetes is predicted to become the seventh leading cause of the death in the world by the year 2030 \[[@CR4]\]. Healthy diet, regular exercise, maintaining proper body weight and avoiding tobacco use can prevent or delay type II diabetes \[[@CR5]\]. Various therapies such as diet, exercise and drugs are now recommended for diabetes. Mechanism of medication for lowering the blood sugar is different. Drugs are not effective in the treatment of diabetes they just lower the blood glucose \[[@CR6]\].

For this reason, a majority of both physicians and patients tend to apply complementary and alternative therapies such as herbal medicines to control blood sugar. One of the important ways to treat type 2 diabetes is lowering blood glucose levels after a meal. This means that after eating hyperglycemia is reduced by inhibition of carbohydrate hydrolyzing enzymes such as α-amylase and the absorption of glucose slows down from the gastrointestinal tract \[[@CR7]\]. It has been reported that the extracts of medicinal plants that showed inhibitory properties of α-amylase enzymes were able to reduce the absorption of glucose, where they were administered with meal \[[@CR8]\]. In the recent years, medicinal plants with lowering blood glucose activity have been attractive for the scientists in this area and studied in diabetes treatment \[[@CR9]\].

In the present study, we aimed to evaluate the activity of some herbal extracts for their probable α-amylase inhibitory activities in order to find the promising influence inhibitors to control after meal- hyperglycemia as a way to treat and control type II diabetes with fewer side effects. The medicinal plants used in this study are indicated in Table [1](#Tab1){ref-type="table"}. All the plant species belong to Lamiaceae (Labiatae) family.Table 1**Plants names and herbarium voucher numbersSample numbersPlant speciesHerbarium voucher numbers\*1***Phlomis bruguieri*1581**2***Phlomis kurdica*1582**3***Phlomis rigida*1557**4***Phlomis olivieri*1631**5***Phlomis caucasica*1648**6***Phlomis anisodonta*1634**7***Phlomis persica*1610**8***Satureja sahendica*289**9***Hymenocrater bituminosus*268**10***Stachys byzantina*1635**11***Scutellaria tournefortii*254**12***Salvia macrosiphon*233\*The herbarium specimens have been deposited at the Herbarium of Institute of Medicinal Plants, ACECR, Karaj, Iran.

Methods {#Sec2}
=======

Chemicals {#Sec3}
---------

All the chemicals used were purchased from Sigma-Aldrich Chemie Gmbh (Germany) and Merck (Germany) companies. The chemicals were of analytical grade. α-amylase activity was determined by measuring the absorbance of the mixtures at 540 nm in Elisa stat fax 2100 (Awarness Technology Inc).

Plant materials {#Sec4}
---------------

The plants were collected from different provinces in northern parts of Iran during June-July 2008--2011, and identified by Mr. Yousef Ajani. The herbarium specimens have been deposited at the Herbarium of Institute of Medicinal Plants, Jahade-Daneshgahi (ACECR), Karaj, Iran. The plant materials were cleaned and dried at shade and room temperature. All the scientific names and Herbarium voucher numbers of the plant materials used in this study are exhibited in Table [1](#Tab1){ref-type="table"}. The plant materials were dried at shade in room temperature. Only the aerial parts of the plants were used for investigation.

Extraction {#Sec5}
----------

Dried aerial parts of the plants were cut into small pieces and extracted with ethyl acetate, methanol and water--methanol 50:50 v/v at room temperature (24 h × 3 time) using percolation method. The extracts were filtered and concentrated by rotary evaporator, and ultimately dried by a freeze dryer.

α-amylase inhibition {#Sec6}
--------------------

The α-amylase inhibition assay was performed by some modification in the method proposed by Giancarlo et al. \[[@CR10]\]. The starch solution (1% w/v) was obtained by boiling and stirring 1 g of potato starch in 100 mL of sodium phosphate buffer for 30 min. The enzyme (EC 3.2.1.1; purchased from Sigma; soy bean source; It hydrolyses alpha bonds of large, alpha-linked polysaccharides, such as starch and glycogen, yielding glucose and maltose as the major form of amylase in humans and other mammals) solution (50 unit/1 mL) was prepared by mixing 0.01 g of α-amylase in 10 mL of sodium phosphate buffer (PH 6.9) containing 0.0006 mM sodium chloride. The extracts were dissolved in DMSO to give concentrations from 5 to 15 mg/mL (5, 10 and 15 mg/mL). The color reagent was a solution containing 0.1 g of 3,5-dinitrosalicylic acid plus 2.99 g sodium potassium tartrate in 0.16 g sodium hydroxide and phosphate buffer (10 mL).

Fifty microliter of each plant extract and 150 μL of starch solution as well as 10 μL of enzyme were mixed in a 96 well plate and incubated at 37°C for 30 min. Then, 20 μL of sodium hydroxide and 20 μL of colour reagent were added and the closed plate placed into a 100°C water bath. After 20 min, the reaction mixture was removed from the water bath and cooled, thereafter α-amylase activity was determined by measuring the absorbance of the mixture at 540 nm in Elisa stat fax 2100 (Awarness Technology Inc). Blank samples were used to correct the absorption of the mixture, in which the enzyme was replaced with buffer solution. Also, a control reaction was used, in which the plant extract was replaced with 50 μL of DMSO, and the maximum enzyme activity was determined. By removing the extract from solution, all the interferences from extract side will be removed such as colour or self-inhibitory interference with the assay. Acarbose solution at the concentrations (5, 10, 15 mg/mL) was used as a positive control. The inhibition percentage of α-amylase was assessed by the following formula:$$\documentclass[12pt]{minimal}
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Statistical analysis {#Sec7}
--------------------

Statistical analysis was performed using the SPSS version 21.0. The IC50 values were estimated by non-linear curve and presented as their respective 95% confidence limits. Probit analysis of variance was used to assess the presence of significant differences (p \< 0.05) between the extracts.

Results {#Sec8}
=======

In this study, sixteen extracts from 12 different species belonging to Lamiaceae family were evaluated for their possible α-amylase inhibitory activities alongside acarbose as a positive control. The α-amylase inhibitory activities and IC~50~ values of the acarbose and herbal extracs are summarized in Tables [2](#Tab2){ref-type="table"} and [3](#Tab3){ref-type="table"}, respectively. As the results show, the inhibitory activities of all the extracts were varied from 1.9 to 18.6 (IC~50~, mg/mL). Moreover, the ethyl acetate extract of *P. bruguieri* (IC~50~ = 1.9 mg/mL) and the butanol extract of *P. persica* (IC~50~ = 3.6 mg/mL) exhibited the lowest IC~50~ values among all the species as the most potent herbal extracts. However, the inhibitory activity of *S. sahendica* (ethyl acetate extract), *S. macrosiphon* (ethyl acetate extract) and *P. caucasica* (butanol extract) on α-amylase was weak and their activities did not reach at least to the 50% of the enzyme inhibition level.Table 2**α-Amylase inhibitory activities and IC** ~**50**~ **values of the acarboseCompoundConcentration (mg/mL)Inhibitory percentage ± SDIC** ~**50**~ **(mg/mL)**Acarbose569.9 ± 1.11.81096.1 ± 0.31597.9 ± 0.8Table 3**α-Amylase inhibitory activities and IC** ~**50**~ **values of the tested extractsPlant speciesExtractsConcentration (mg/mL)Inhibitory percentage ± SDIC** ~**50**~ **(mg/mL)*Phlomis kurdica***Ethyl acetate586.1 ± 7.316.21095.45 ± 3.31584.5 ± 2.8***Phlomis bruguieri***Ethyl acetate558.5 ± 4.81.91067.6 ± 7.51580.1 ± 6.4Methanol559.6 ± 1.99.21038.2 ± 3.71549.7 ± 5.7***Phlomis rigida***Ethyl acetate540 ± 5.27.81057.8 ± 6.41573.5 ± 1.6Methanol558.2 ± 1.84.41066.6 ± 0.11594.8 ± 3.3Methanol--water556.5 ± 4.85.71048.3 ± 2.91589 ± 4.7***Phlomis olivieri***Butanol520.7 ± 0.412.81031.3 ± 1.81563 ± 3.6***Phlomis anisodonta***Butanol527.9 ± 2.318.61031.9 ± 2.61544.8 ± 3.4***Phlomis persica***Butanol559.3 ± 1.63.61085.8 ± 1.21597.2 ± 1.6***Phlomis caucasica***Butanol575.7 ± 2.9_1092.6 ± 0.61592.4 ± 1.1***Satureja sahendica***Ethyl acetate583.8 ± 2.9_1080.9 ± 0.81583.6 ± 1Methanol--water516.9 ± 28.51073.7 ± 1.41588.3 ± 3.8***Salvia macrosiphon***Ethyl acetate557.1 ± 2.5_1066.5 ± 2.51567.9 ± 2.7***Hymenocrater bituminosus***Ethyl acetate522.5 ± 4.56.61097.7 ± 0.31597 ± 1.7***Stachys byzantina***Methanol539.2 ± 2.75.81084.1 ± 2.51586.1 ± 2.8***Scutellaria tournefortii***Methanol536.9 ± 0.113.51045 ± 0.11552.1 ± 0.1

A concentration dependent inhibition was observed for various concentrations of each herbal extract except for *P. kurdica* and *S. sahendica* (ethyl acetate extracts). For these herbal extracts, the highest inhibitory activities were found to be 95.4 ± 3.3 (at 10 mg/mL) and 83.8 ± 2.9 (at 5 mg/mL), respectively (Table [3](#Tab3){ref-type="table"}). The ethyl acetate extract of *H. bituminosus* (97.7 ± 0.3) at a concentration of 10 mg/mL and the butanol extract of *P. persica* (97.2 ± 1.6) at a concentration of 15 mg/mL showed the greatest inhibitory activities. The literature reveals that this phenomenon is probably due to conformational change from binding of compounds to the enzyme by increased concentration \[[@CR11],[@CR12]\].

Discussion {#Sec9}
==========

Among the plants used, *Satureja* genus, called "Savory" in English and "Marzeh" in Persian, consists of about 14 species in Iran as the herbaceous perennial herbs, nine species of which are endemic in Iran \[[@CR13]\]. The species of this genus are well-known for antioxidant, anti-inflammatory, cholinesterase inhibitory activities, anti-fungal, anti-microbial, anti-spasmodic and anti-diarrhoea effects \[[@CR14],[@CR15]\], and also in the past time they were used in Europe as an anti-thirst in diabetes \[[@CR16]\]. *S. Sahendica* is one of the endemic species, which was already subjected to phytochemical investigation on both extract and essential and predicted to exhibit anti-diabetic activity due to the presence of *beta-sitosterol* \[[@CR14],[@CR16],[@CR17]\]. Our previous investigation on this species demonstrated the presence of luteolin together with oleanolic acid, beta-sitosterol and diosmetin, which were isolated from the ethyl acetate and methanol extracts of *S. sahendica* \[[@CR14]\]*.* Additionally, the hydro-distilled oil of *S. sahendica* was rich of monoterpenes with thymol (37.2%), p-cymene (32.6%) and γ-terpinene (11.5%) as the major compounds. Although we expected a higher inhibitory activity for this plant due to the presence of beta-sitosterol and oleanolic acid \[[@CR17]\], however, the results revealed that it may not effect via α-amylase inhibitory activity, and other mechanisms should be considered for further studies on this species. Also, it might be due to the enzyme source, soy bean, and the inhibitory activity may evaluate differently by using other sources of α-amylase like pancreatic enzyme.

Another genus *Salvia* has 58 species in Iran and composes of bioactive compounds such as flavonoids and polyphenols with characteristic cholinesterase-inhibitory, anti-inflammatory and antioxidant activities. *S. macrosiphon* is one this genus investigated for its phytochemical contents and demonstrated to be rich of beta-sitosterol and flavones as well as flavone glycosides \[[@CR18]\]. This species was also not effective to inhibit α-amylase enzyme. Furthermore, *Hymenocrater* genus consists of 11 species that nine of them are growing in Iran and surprisingly possess antioxidant properties as well as anti-diabetic, anti-clotting, anti-inflammatory and anti-cancer activities, because of the presence of two important metabolites: rosmarinic acid and rutin in the areal branches \[[@CR19],[@CR20]\]. Although *H. bituminosus* shows the highest α-amylase inhibitory activity in this study, its phytochemistry is not exactly determined and more investigations by the guide of α-amylase inhibitory activity are recommended.

Eventually, *Phlomis* genus is native to East Mediterranean from Central Asia to China. Bibliography revealed that the methanolic extract of the aerial parts of *P. anisodonta* exhibited lipid peroxidation, antioxidant and anti-diabetic activities \[[@CR21]\]. Furthermore, the methanolic extract of the aerial parts of *P. persica* caused a dramatic decrease in fasting blood glucose while the insulin levels augmented. Also, the prevention of diabetes due to losing weight is reported from this herbal medicine \[[@CR22]\].

Regarding the importance of *Phlomis* species as the candidates for future anti-diabetic medicines, a bibliography on its phytochemistry revealed that different species of this genus are rich in iridoids, flavonoids, terpenoids, phenolic compounds and their glycosides, which are supposed to be related to various biological and pharmacological effects of them including anti-nociceptive, antioxidant, antimicrobial and anti-diabetic effects \[[@CR23]\]. Moreover, methanolic extract of the aerial parts of *P. olivieri* has been reported to include chrysoeriol-7-O-β-D-glucoside and verbascoside. Additionally, two flavonoid glycosides, chrysoeriol-7-β-D- (3\'\'-E-p-coumaroyl) glucoside and one iridoid glycoside, lamiide, were already isolated and identified from a methanolic extract of the aerial parts of *P. persica* \[[@CR24]\]*.* To the best of our knowledge, none of the identified compounds in these species have been studied for α-amylase inhibitory activity so far. Furthermore, there is no report on chemical constituents of *P. bruguieri* from Iran except on its essential oil that revealed to compose of germacrene D (23.6%), 4-hydroxy-4-methyl-2-pentanone (15.0%), α-pinene (6.8%) and β-caryophyllene (6.7%) \[[@CR25]\].

Taking together, the present study demonstrated that just some of the *Phlomis* species showed a strong α-amylase inhibitory activity including *P. bruguieri* and *P. persica.* Nevertheless *P. anisodonta* was already reported for its anti-diabetic activity, was not able to inhibit α-amylase activity sufficiently. However, the present study has been carried out on a \"model alpha-amylase\" and the results should be checked in future studies on mammalian amylase or *in vivo* models.

Conclusions {#Sec10}
===========

In conclusion, among all the herbal extracts tested in this study, *P. bruguieri* and *P. persica* can be the promising sources of α-amylase inhibitors. However, *P. rigida, S. bizantina* and *H. bituminosus* that exhibited moderate activity can be stand on second level of interest.
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